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@ The ceramic substrate for electronic circuit of the present invention comprises a ceramic layer and a
conductive layer which is patterned on the ceramic layer, wherein the conductive layer comprises copper or an
alloy containing copper as its main component. The ceramic layer entirely comprises a complex oxide or an
oxide solid solution containing copper element and at least one component excluding copper element. Moreover,
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BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a ceramic substrate for electronic circuit using, as a conductive metal,
copper or an alloy containing copper as its main component and a method for producing the same. More
particularly, it relates to0 a ceramic substrate for electronic circuit in which a special composition is used for
a ceramic layer in a ceramic substrate for multilayer electronic circuit or for an insulated layer in a ceramic
substrate for printed electronic circuit.

2. Description of the Prior Art:

In recent years, there has been a great demand for a ceramic substrate for electronic circuit since it is
required that a circuit element or a semiconductor device be highly integrated and a circuit substrate be
made highly reliable.

As a ceramic substrate for electronic circuit, there are a substrate for multilayer electronic circuit
obtained by patterning a conductive layer on unfired ceramic green sheets, laminating the resulting green
sheets, followed by firing them together; a substrate for printed electronic circuit obtained by forming a
conductive layer, an insulated layer, and another conductive layer on a sintered ceramic substrate in this
order so that the insulated layer is sandwiched between both conductive layers; and the like. The substrate
for multilayer electronic circuit is used as a substrate which is required to be highly integrated such as a
circuit substrate on which an LSI chip or the like is mounted. The substrate for printed electronic circuit is
used as a substrate of a hybrid IC or the like in which functional elements such as a resistor and a capacitor
are further formed on the substrate.

In the past, as a ceramic material used for ceramic substrates for electronic circuit, an alumina type
material, a glass ceramic type material, or the like has been used. In particular, as a method for a ceramic
substrate similar to the present invention, Japanese Patent Publication Nos. 51-11795, 51-11793, 51-26640,
etc. disclose materials obtained by adding a copper oxide to alumina is used.

As a material for a conductive layer, tungsten, molybdenum, or the like is used in the case of a
substrate for multilayer electronic circuit; and a gold or silver type material is used in the case of a ceramic
substrate for printed electronic circuit. However, tungsten, molybdenum, or the like has a large electric
resistance, causing problems when wiring is made thin. Moreover, there are the problems in that gold is
expensive and silver is likely to migrate.

In order to solve the above-mentioned problems, a ceramic substrate for electronic circuit in which
inexpensive copper having a low resistance is used for a conductive layer has been proposed. When a
conductive layer and a ceramic layer in the case of a substrate for multilayer electronic circuit are
simultaneously fired, or when a conductive layer and an insulated layer in the case of a substrate for printed
electronic circuit are simultaneously fired, using a base metal such as copper as the conductive material, a
binder in the ceramic layer or the insulated layer and the conductive layer is burnt out by adding water
vapor in an inert gas atmosphere in which the conductive layer is not oxidized, and then the ceramic layer
or the insulated layer and the conductive layer are fired in an inert gas atmosphere. However, according to
this method, the binder is not sufficiently burnt out, causing problems such as remaining carbon. For the
purpose of solving this problem, as described in Japanese Laid-Open Patent Publication No. 61-26293, a
method comprising the steps of: forming the conductive layer with a copper oxide; burning out the binder in
the ceramic layer or the insulated layer and the conductive layer in air; metallizing the conductive layer
alone at a low temperature by reduction; and firing the ceramic layer or the insulated layer and the
conductive layer in an inert gas atmosphere.

Moreover, as described in USP No. 4,503,090, a method comprising the steps of: diffusing a copper
component oxidized from the conductive layer into the ceramic layer on the lower part of the conductive
layer; and forming a reaction layer of copper oxide and a ceramic component on the lower part of the
conductive layer has been proposed.

However, in a conventional ceramic substrate for electronic circuit having the conductive layer
comprising copper or an alloy containing copper as its main component, the copper oxide is partially
diffused from the conductive layer to the ceramic layer in the case of the substrate for multilayer electronic
circuit or in the insulated layer in the case of the substrate for printed electronic circuit in the course of the
production. Thus, defects are caused due to the difference in the firing conditions between the portion in
which the copper oxide is diffused and the other portion.
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SUMMARY OF THE INVENTION

The ceramic substrate for electronic circuit of this invention, which overcomes the above-discussed and
numerous other disadvantages and deficiencies of the prior art, comprises a ceramic layer and a conductive
layer which is patterned on the ceramic layer, wherein the conductive layer comprises copper or an alloy
containing copper as its main component, and wherein the ceramic layer entirely comprises a complex
oxide or an oxide solid solution containing copper element and at least one component excluding copper
element, and the ceramic layer is insulated.

In a preferred embodiment, the ceramic layer comprises an oxide selected from the group consisting of
a complex oxide, an oxide solid solution, and an oxide complex, the oxide complex containing at least one
oxide selected from the group consisting of the complex oxide and the oxide solid solution as its
component, wherein each of the complex oxide, the oxide solid solution, and the oxide complex contains
copper element, at least one element selected from the group A consisting of strontium, barium, calcium,
and lead, and at least one element selected from the group B consisting of tungsten, niobium, and tantalum.

In a preferred embodiment, the content of a copper oxide component in the ceramic layer is in the
range of 0.3% to 5% by weight in terms of CuO.

A ceramic substrate for electronic circuit comprises a ceramic substrate, a conductive layer which is
patterned on the ceramic substrate and comprises copper or an alloy containing copper as its main
component, at least one insulated layer formed so as to cover a portion of the conductive layer, and another
conductive layer which is patterned at least on the insulated layer and comprises copper or an alloy
containing copper as its main component, wherein the insulated layer entirely comprises a complex oxide
or an oxide solid solution containing copper element and at least one component excluding copper element.

In a preferred embodiment, the insulated layer comprises an oxide selected from the group consisting
of a complex oxide, an oxide solid solution, and an oxide complex, the oxide complex containing at least
one oxide selected from the group consisting of the complex oxide and the oxide solid solution as its
component, wherein each of the complex oxide, the oxide solid solution, and the oxide complex contains
copper element, at least one element selected from the group A consisting of strontium, barium, calcium,
and lead, and at least one element selected from the group B consisting of tungsten, niobium, and tantalum.

In a preferred embodiment, the content of a copper oxide component in the insulated layer is in the
range of 0.3% to 5% by weight in terms of CuO.

In a preferred embodiment, the ceramic substrate comprises a complex oxide or an oxide solid solution
containing copper element and at least one component excluding copper element.

A method for producing a ceramic substrate for electronic circuit comprises the steps of:

preparing a complex oxide or an oxide solid solution containing copper element and at least one
component excluding copper element by reacting a copper oxide with at least one component excluding
copper element;

forming ceramic green sheets comprising the complex oxide or the oxide solid solution and a binder;

patterning a conductive layer comprising a binder and a copper oxide or an oxide mainly containing
copper element on the ceramic green sheets;

laminating a plurality of the ceramic green sheets to form a laminated body;

heating the laminated body in air so as to burn out the binder comprised in the ceramic green sheets
and the conductive layer;

heating the laminated body, in which the binder has been burnt out, in a reducing gas to reduce and
metallize the conductive layer; and

firing the laminated body, in which the conductive layer has been metallized, in an inert gas
atmosphere to sinter the ceramic green sheets and the conductive layer.

A method for producing a ceramic substrate for electronic circuit comprises the steps of:

preparing a complex oxide or an oxide solid solution containing copper element and at least one
component excluding copper element by reacting a copper oxide with at least one component excluding
copper element;

patterning a conductive layer comprising a binder and a copper oxide or an oxide mainly containing
copper element as its main component on a sintered ceramic substrate;

forming at least one insulated layer on the sintered ceramic substrate having the conductive layer so as
fo cover a portion of the conductive layer, the insulated layer comprising a binder, and the complex oxide or
the oxide solid solution;

patterning another conductive layer comprising a binder and a copper oxide or an oxide mainly
containing copper element at least on the insulated layer;

heating the sintered ceramic substrate having the conductive layers and the insulated layer in air so as
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to burn out the binder comprised in the conductive layers and the insulated layer;

heating the sintered ceramic substrate, in which the binder has been burnt out, in a reducing gas to
reduce and metallize the conductive layers; and

firing the sintered ceramic substrate, in which the conductive layers has been metallized, in an inert gas
atmosphere to sinter the conductive layers and the insulated layer.

Thus, the invention described herein makes possible the objective of providing a highly reliable ceramic
substrate for electronic circuit which prevents defects caused by the partial diffusion of the copper oxide to
the ceramic layer or the insulated layer from the conductive layer.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better understood and its numerous objects and advantages will become
apparent to those skilled in the art by reference to the accompanying drawings as follows:
Figure 1A is a view showing the configuration of a ceramic substrate for multilayer electronic circuit in
Example 1.
Figure 1B is a perspective view of the ceramic substrate for multilayer electronic circuit in Example 1.
Figures 2A, 2B and 2C are views showing the process for producing a ceramic substrate for printed
electronic circuit in Example 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A ceramic substrate for electronic circuit of the present invention can form two kinds of configurations.
One of them is a ceramic substrate for multilayer electronic circuit in which a conductive layer is patterned
on a ceramic layer. The other one is a ceramic substrate for printed electronic circuit in which conductive
layers patterned and an insulated layer are laminated on a ceramic substrate.

In the ceramic substrate for multilayer electronic circuit, the ceramic layer comprises a complex oxide
or an oxide solid solution containing copper element and at least one component excluding copper element,
and the conductive layer comprises copper or an alloy containing copper as its main component. The
ceramic substrate for multilayer electronic circuit is characterized by the ceramic layer.

In the ceramic substrate for printed electronic circuit, the insulated layer comprises a complex oxide or
an oxide solid solution containing copper element and at least one component excluding copper element,
and the conductive layer comprises copper or an alloy containing copper as its main component. The
ceramic substrate for printed electronic circuit is characterized by the insulated layer.

The ceramic layer or the insulated layer of the ceramic substrate for electronic circuit according to the
present invention entirely comprises a complex oxide or an oxide solid solution containing copper element
and at least one component excluding copper element. Examples of the component excluding copper
element include strontium, barium, calcium, lead, tungsten, niobium, tantalum, alumina and a material
containing an ordinary vitreous component and the like. In particular, the complex oxide or the oxide solid
solution containing at least one element selected from the group A consisting of strontium, barium, calcium,
and lead; at least one element selected from the group B consisting of tungsten, niobium, and tantalum; and
copper element is preferred because of a high insulation property and the formation of a perovskite
structure.

Instead of the above-mentioned complex oxide or oxide solid solution, the ceramic layer or the insulated
layer can comprise an oxide complex containing the above-mentioned complex oxide and/or oxide solid
solution as its components.

Moreover, it is preferred that the content of the copper oxide component in the ceramic layer or the
insulated layer is in the range of 0.3 to 5.0% by weight in terms of CuO.

Furthermore, it is preferred that the ceramic substrate in the ceramic substrate for printed electronic
circuit comprises a complex oxide or an oxide solid solution containing copper element and at least one
component excluding copper element, since the ceramic substrate for electronic circuit using such a
ceramic substrate can provide a hybrid IC.

When the ceramic layer of the ceramic substrate for multilayer electronic circuit is formed from, what is
called, a ceramic green sheet obtained by applying a casting comprising the complex oxide or the oxide
solid solution containing copper element and at least one component excluding copper element, a binder,
and a solvent on an organic film; drying the casted ceramic green sheet, and removing the organic film, the
conductive layer which is patterned on the green sheet and the ceramic layer can be simultaneously fired.
Thus, it is preferred that the ceramic layer is formed of the ceramic green sheet. As an ordinary method, a
plasticizer such as dibutyl phthalate or the like can be comprised in the ceramic green sheet. The ceramic
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green sheet can be applied to the insulated layer or the ceramic substrate in the case of the ceramic
substrate for printed electronic circuit.

Moreover, when the conductive layer is formed on the ceramic green sheet, a procedure, in which the
conductive layer is patterned by using printing ink containing a copper oxide or an oxide mainly containing
copper element, a binder, and a solvent, is effective and preferred.

Examples of a binder material comprised in the green sheet include a butyral resin and an acrylic resin.
Examples of a binder material comprised in the printing ink include ethyl cellulose and an acrylic resin.

The binder comprised in the ceramic green sheet and the conductive layer is preferably burned out by
heating at a temperature of 350 to 700° C in air for 30 minutes to 10 hours.

When the patterned conductive layer is reduced to be metallized, this portion is heated in a reducing
gas. Examples of reducing gases include hydrogen gas or carbon monoxide gas. Hydrogen gas is preferred
in terms of cost and safety. The reducing conditions are preferably a temperature in the range of 160 to
550°C.

The green sheets and the conductive layer are fired in an inert gas atmosphere. Inert gas such as
nitrogen gas or argon gas whose low partial pressure of oxygen is in the range of 107° to 1072 atm is
preferably used for this firing. Among the above-mentioned inert gases, nitrogen gas is particularly preferred
from the industrial point of view because of inexpensiveness.

The firing conditions are different depending on the various kinds of ceramic materials and on the
shapes of the ceramic substrate for electronic circuit and therefore cannot be generally described. For
example, the firing temperature is in the range of 700 fo 1,000° C (normally at about 900° C) when lead-
containing perovskite is used.

According to the ceramic substrate for electronic circuit having the conductive layer comprising copper
or an alloy containing copper as its main component, the ceramic layer in the case of the substrate for
multilayer electronic circuit or the insulated layer in the case of the substrate for printed electronic circuit
comprise a copper element. This copper element does not exist as a metal or as an oxide containing
copper element alone but as a complex oxide or an oxide solid solution containing copper element and at
least one component excluding copper element. Thus, the diffusion rate of the copper oxide from the
conductive layer to the ceramic layer or the insulated layer becomes low. Moreover, even though the
copper oxide is diffused, a certain degree of copper oxide component is entirely comprised in the ceramic
layer or the insulated layer, so that a great difference in the firing state between the portion in which the
copper oxide is diffused and the portion in which the copper oxide is not diffused is not caused, whereby
defects are not likely to occur.

The above-mentioned construction can be achieved by using a complex oxide or an oxide solid solution
containing copper element and at least one component excluding copper element obtained by reacting the
copper oxide with at least one component excluding copper element as a starting material for the ceramic
layer or the insulated layer.

Moreover, according to the production method comprising the above-mentioned step, when the
conductive layer comprising the copper oxide or the oxide mainly containing copper element is reduced at
a low temperature, the copper oxide or the oxide mainly containing copper element of the conductive layer
alone can be selectively reduced. The copper oxide component (which is comprised in the complex oxide
or the oxide solid solution) of the ceramic layer or the insulated layer is not readily reduced compared with
the copper oxide or the oxide mainly containing copper element which is comprised in the conductive layer,
so that the conductive layer alone can be reduced to be metallized in an appropriate period of freating time.
Because of this, the ceramic layer or the insulated layer can maintain its characteristics without decreasing
the insulation property.

Moreover, the ceramic substrate for electronic circuit of the present invention regulates the diffusion
rate of the copper oxide from the conductive layer to the ceramic layer or the insulated layer. Even though
the diffusion occurs, a great difference in the firing state between the portion in which the copper oxide is
diffused and the portion in which the copper oxide is not diffused is not caused, so that the reliability of the
ceramic substrate for electronic circuit having the conductive layer comprising copper or an alloy containing
copper as its main component can be improved.

(Examples)
The present invention will be described by way of illustrating examples below.

Example 1
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A ceramic substrate for multilayer electronic circuit will be illustrated with reference to Figures 1A and
1B.

First, each starting materials having a ceramic composition shown below were mixed and calcinated at
1,050° C for 2 hours to obtain a complex oxide. Then, ceramic green sheets were prepared by the ordinary
method using a butyral resin and the raw material obtained by grinding the complex oxide.

Predetermined patterns for respective conductive layers 1, 2, 3, 4 were printed on the ceramic green
sheets 5 with an electrode paste containing a copper oxide and an ethyl cellulose resin. Four resulting
ceramic green sheets and four ceramic green sheets 5 were laminated as shown in Figure 1A to obtain a
laminated body. The laminated body was heated at a temperature of 480° C in air for 8 hours to burn out
the binder comprised in the ceramic green sheets and the conductive layer.

The laminated body in which the binder was burnt out was reduced at a temperature of 220°C in
hydrogen gas for 16 hours, whereby the pattern of the conductive layer was reduced so as to become
metallized.

Then, the laminated body was fired at a temperature of 960°C in an atmosphere of nitrogen gas
containing 30 ppm of oxygen for 80 minutes, thereby obtaining a sample. As shown in Figure 1B, the fired
sample had an outer configuration of 40 mm x 40 mm x 2 mm, and had a construction in which 4
conductive metal layers 6 having a width of 10 mm and a thickness of 4 um in the center were crossed
each other with the ceramic layer 7 having a thickness of 120 um sandwiched therebetween. At the ends of
the laminated body, terminal electrodes 8 drawn out of the respective conductive layers were provided. Ten
samples for each ceramic composition were obtained. The following evaluations of these ten samples were
conducted.

As one evaluation of the reliability of the laminated body thus produced, a DC voltage of 1,200 V was
applied between the terminal electrodes of the samples, whereby the number of dielectric breakdowns were
examined. As another evaluation of the reliability, other samples produced by the same method as the
above were kept in an air-conditioned bath containing 85% water vapor at 85° C for 500 hours. After that,
the samples were allowed to stand for 10 hours so as to dry the surface thereof. A DC voltage of 120 V was
applied to each of the resulting samples, which were then examined for insulation resistance by using an
insulation resistance tester. The samples having a resistance of 107 Q or less was determined as defective
defects.

Moreover, the ceramic layers of the fired samples were analyzed by a powder X-ray method, whereby
the presence of a metallic copper phase, CuO phase, or Cu; O phase was confirmed.

The six following kinds of the ceramic layer compositions were produced and tested.

Sro.5Cag 5(Cu1/aND314)0.05(MG13Nb2s3)0.00 (Zn12Wi12)0.0503 + 2wi% LIiF
Pbo.s5Cap.40(Cuz2isWass)o.06(Mg13 Tazis)o.go (Nirz2Wis2)o.05

Pbo.s5Bag 50(Mg1/3Tazi3)0.05(Ni13Nb2s3)o.s0 (MG12Wi12)0.1503
Pbo.55Sr0.20Ca0.30(Cu1/3ND213)0.50Zr0.30 (M@1/3Ta2/3)0.2003

Al>203 55 mol%, SiO2 20 mol%, MgO 10 mol%, ZnO 10 mol%, LiO 3 mol%, CuO 2 mol%
A0z 70 mol%, SiO2 5 mol%, Cu>0 15 mol%, CaF, 10 mol%

C D, and F are ceramic compositions prepared for comparative examples.

The composition of the ceramic layer, the number of dielectric breakdowns, and the number of
resistance defects are shown in Table 1.

TmMmoow®

Table 1
Sample | Composition | Presence of a metallic copper phase, Number of Number of
No. CuO phase, or Cu20 phase insulation defects | resistance defects
1 A None 0 0
2 B None 0 0
3 C None 3 7
4 D Cu20O phase and CuO phase are present 2 5
5 E None 1 1
6 F Metallic copper phase is present 10 10

In Table 1, it was confirmed by an X-ray microanalyzer that in the case of Sample No. 3, the copper
element was not entirely comprised in the ceramic layer and the copper element was diffused in the vicinity
of the portion which was in contact with the conductive layer. When the cross section was observed by
microscope, it was found that many defects were caused in the vicinity of the boundary between the portion
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in which the copper element was diffused and the portion in which the copper element was not diffused.

It was confirmed by an X-ray diffraction analysis of the ceramic layer that in the case of Sample Nos. 4
and 6, a copper metal and an oxide containing copper element alone were present.

On the other hand, in the case of Sample Nos. 1, 2 and 5 of the ceramic substrate for electronic circuit
according to the present invention in which the ceramic layer entirely comprises a copper element, and the
copper element does not exist as a metal or an oxide containing copper element alone but as a complex
oxide or an oxide solid solution containing copper element and at least one component excluding copper
element, the insulation property of the ceramic layer was maintained and excellent characteristics having
few insulation defects and resistance defects were obtained.

Example 2

A ceramic substrate for printed electronic circuit will be illustrated with reference to Figures 2A, 2B and
2C.

First, 96% alumina-calcia-silica sintered substrate was used as a ceramic substrate 9. A predetermined
pattern for the conductive layer 10 was printed on the ceramic substrate 9 with an electrode paste
containing a copper oxide, an ethyl cellulose resin and borosilicate zinc glass (Figure 2A). Each starting
materials for the insulated layer having a ceramic composition shown below were mixed and calcinated at a
temperature of 1,050° C for 2 hours to obtain a complex oxide. An insulated ink was prepared by the
ordinary method using an ethyl cellulose resin and the raw material obtained by grinding the complex oxide.
The insulated layer 12 was formed with the insulated ink so as to cover at least one portion of the
conductive layer 10 (Figure 2B). Further, another conductive layer 11 was patterned at least on the insulated
layer 12 (Figure 2C).

The ceramic substrate having the conductive layers 10, 11 and the insulated layer 12 was heated at a
temperature of 500° C in air for 30 minutes to burn out the binder.

The sintered ceramic substrate 9 having the conductive layers 10, 11 and insulated layer 12 in which
the binder was burnt out was reduced at a temperature of 220° C in hydrogen gas for 16 hours, whereby
the conductive layers was metallized. After that, the resulting ceramic substrate was fired at a temperature
of 820°C in an atmosphere of nitrogen containing 70 ppm of oxygen for 6 minutes, thereby obtaining a
sample. Fifty samples for each ceramic composition were obtained. The following evaluations of these fifty
samples were conducted.

The fired sample comprised the ceramic substrate 9 having a dimension of 40 mm x 40 mm x 1 mm,
and had a construction in which 2 conductive metal layers 10, 11 having a width of 10 mm and a thickness
of 4 um in the center were crossed each other with the insulated layer 12 having a thickness of 55 um
therebetween.

As one evaluation of the reliability of the sample thus produced, a DC voltage of 250 V was applied
between the terminal electrodes of the samples, whereby the number of dielectric breakdowns were
examined. The upper conductive layer was removed by polishing, and the insulated layer in the fired
sample was analyzed by the powder X-ray method to confirm the presence of a metallic copper phase,
CuO phase or Cuz0 phase.

The six following kinds of the insulated layer compositions were produced and tested.

Sro.5Cag 5(Cu1/aND314)0.05(MG13Nb2s3)0.00 (Zn12Wi12)0.0503 + 2wi% LIiF
Pbo.s5Cap.40(Cuz2isWass)o.06(Mg13 Tazis)o.go (Nirz2Wis2)o.05

Pbo.s5Bag 50(Mg1/3Tazi3)0.05(Ni13Nb2s3)o.s0 (MG12Wi12)0.1503

Pbo.55Sr0.20Ca0.30(Cu1/3ND213)0.50Zr0.30 (M@1/3Ta2/3)0.2003

Al>203 55 mol%, SiO2 20 mol%, MgO 10 mol%, ZnO 10 mol%, LiO 3 mol%, CuO 2 mol%
A0z 70 mol%, SiO2 5 mol%, Cu>0 15 mol%, CaF, 10 mol%

I J, and L are ceramic compositions prepared for comparative examples.

The composition of the insulated layer and the number of dielectric breakdowns are shown in Table 2.

TAXSCTIO
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Table 2
Sample Composition | Presence of a metallic copper phase, CuO Number of
No. phase, or Cu>0O phase insulation defects
7 G None 2
8 H None 0
9 | None 13
10 J Cu20O phase and CuO phase are present 8
11 K None 2
12 L Metallic copper is present 19

In Table 2, it was confirmed by an X-ray microanalyzer that in the case of Sample No. 9, the copper
element was not entirely comprised in the insulated layer and the copper element was diffused in the
vicinity of the portion which was in contact with the conductive layer. When the cross section of the sample
was observed by microscope, it was found that many defects were caused in the vicinity of the boundary
between the portion in which the copper element was diffused and the portion in which the copper element
was not diffused.

It was confirmed by an X-ray diffraction analysis of the insulated layer that in the case of Sample Nos.
10 and 12, a copper metal and an oxide containing copper element alone were present.

On the other hand, in the case of Sample Nos. 7, 8 and 11 in which the insulated layer entirely
comprises a copper element, and the copper element does not exist as a metal or an oxide containing
copper element alone but as a complex oxide or an oxide solid solution containing copper element and at
least one component excluding copper element, the insulation property of the insulated layer was
maintained and excellent characteristics having few insulation defects and resistance defects were obtained.

Example 3

A ceramic substrate for printed electronic circuit which is similar to that of Example 2 will be illustrated.

Each sintered substrate having a composition shown in Table 3 was used as a ceramic substrate. The
ceramic composition of the insulated layer of Sample No. 8 in Example 2 was used for that of the insulated
layer. That is, the Composition which was used was Pb0_65Ca0_40(Cu2/5W3/5)0_06(Mg1/3Ta2/3)0_90 (Ni1/2W1/2)'
0.0503.05-

The same procedure as that of Example 2 was repeated. Fifty samples for each ceramic composition
were obtained. The following evaluations of these fifty samples were conducted.

As one evaluation of the reliability of the sample thus produced, a DC voltage of 250 V was applied
between the terminal electrodes of the samples, whereby the number of dielectric breakdowns were
examined. As another evaluation of the reliability, an adhesive tape was attached to the conductive layers,
and the contacting state between the conductive layers and the ceramic substrate was observed after the
adhesive tape was removed.

The composition of the ceramic substrate, the number of insulation defects, and the number of samples
in which the conductive layer was peeled by 1 mm or more are shown in Table 3.

The composition of the ceramic substrate of Sample No. 14 is that of a comparative example.
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In Table 3, the metallic copper and copper oxide were not detected in the ceramic substrate of Sample
No. 13 by the powder X-ray diffraction. However, Cu,O was detected in the ceramic substrate of Sample
No. 14. Because of this, it was stipulated that in Sample No. 14, the insulation defects which caused
problems before the peeling test were generated. It was found by examining the conductive layers of
Sample Nos. 13 and 14 by the powder X-ray diffraction and fluorescence X-ray analysis that the conductive
layers comprised about 3% by weight of metallic lead based on the total weight of metallic copper.

As is apparent from Table 3 and the above-mentioned results, a copper element is comprised in the
ceramic substrate having the conductive layers and the insulated layer, in which the copper element does
not exist as a metal or an oxide containing copper element alone but as a complex oxide or an oxide solid
solution which contains copper element and at least one component excluding copper element. In the
ceramic substrate for electronic circuit having such a ceramic substrate, the conductive layers have an
improved adhesion with respect to the ceramic substrate compared with a ceramic substrate in which the
complex oxide or the oxide solid solution is not comprised.

Example 4

A ceramic substrate for multilayer electronic circuit similar to that of Example 1 will be illustrated.

First, as a composition for the ceramic layer, the composition in which CuO of a predetermined amount
shown in Table 4 was added to a main component of each oxide shown below was prepared, followed by
calcination at 1,050°C for 2 hours. The material obtained by grinding the resulting mixture and a butyral
resin were mixed together with an organic solvent to prepare a ceramic green sheet having a thickness of
150 um using a doctor blade method. A sample was obtained by using this ceramic green greet in the
same way as in Example 1. Ten samples for each ceramic composition were obtained. The following
evaluations of these ten samples were conducted.

The evaluations for reliability of the samples were conducted by the ordinary method in the same way
as in Example 1. In addition, as severe conditions, the number of dielectric breakdowns was examined by
applying a DC voltage of 2,000 V between the terminal electrodes of the samples. Other samples were kept
in a saturated water vapor of 125° C for 500 hours. After that, the samples were allowed to stand in air for
10 hours so as to dry the surface thereof. A DC voltage of 250 V was applied to each of the resulting
samples, which were then examined for insulation resistance by using an insulation resistance tester. The
samples having a resistance of 107 Q or less were determined as defective.

The following compositions M and N were used as a main component for the ceramic layers.

M: Pb1.005(M@1:3Nb2/3)0.9(Ni1/2W1/2)0.103.005
N: Al O3 90wt% SiO, 8wit% CaF, 2wi%

The added amount of the copper oxide was of five kinds, ranging from 0.1 to 40% by weight based on
the total weight.

The main component of the ceramic layer, the number of dielectric breakdowns, and the number of
resistance defects are shown in Table 4.
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In Table 4, either CuO, CuO, or copper oxide was not present in each sample by the X-ray diffraction.
Under the ordinary conditions, almost no defects were caused in any samples. However, under severe
conditions, when the content of CuO was less than 0.3% by weight, the insulation defects were likely to
appear because of the defects in the ceramic layer caused by the partial diffusion of the copper oxide.
When the content of CuO was more than 5% by weight, the resistance defects were likely to appear
because of the resistance decrease of the ceramic layer itself. Thus, when the content of CuO was in the
range of 0.3 to 5% by weight, more preferable characteristics were obtained.

Example 5

A ceramic substrate for printed electronic circuit which is similar to Example 2 will be illustrated.

As the ceramic substrate, 96% alumina-calcia-silica sintered substrate similar to that of Example 2 was
used.

As a starting material for the insulated layer, a powder obtained by adding CuO of a predetermined
amount shown in Table 5 to the same main component as that of Example 4, followed by calcination and
grinding was used. A sample was obtained in the same way as in Example 2. Fifty samples for each
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ceramic composition were obtained. The following evaluations of these fifty samples were conducted. In
order to examine the reliability of the samples, a DC voltage of 250 V was applied to the samples to
examine the number of dielectric breakdowns in the same as in Example 2. In addition, as a severe testing,
a DC voltage of 500 V was applied to examine the number of dielectric breakdowns.

The composition of the insulated portion and the number of dielectric breakdowns obtained when 50
samples were tested are shown in Table 5.

Table 5
Sample No. Main Content of | Dielectric breakdown Dielectric breakdown
Component CuO wit% defects at 250V defects at 500V
25 M 0.1 1 4
26 M 03 0 0
27 M 1.5 0 0
28 M 5.0 0 0
29 M 7.0 2 12
30 N 0.1 2 8
31 N 0.3 1 0
32 N 15 0 0
33 N 5.0 0 0
34 N 7.0 3 16

In Table 5, either CuO, CuO, or copper oxide was not present in each sample by the X-ray diffraction.
Under the ordinary conditions, almost no defects were caused in any samples. However, under severe
conditions, when the content of CuO was less than 0.3% by weight or more than 5% by weight, the
insulation defects were likely to appear. Thus, when the content of CuO was in the range of 0.3 to 5% by
weight, more preferable characteristics were obtained.

As described above, according to the present invention, the ceramic substrate for electronic circuit
comprises the ceramic layer in the case of the substrate for multilayer electronic circuit or the insulated
layer in the case of the substrate for printed electronic circuit which entirely comprises a complex oxide or
an oxide solid solution containing copper element and at least one component excluding copper element.
Moreover, a method for producing this kind of ceramic substrate for electronic circuit comprises the steps
of: patterning the conductive layer with a copper oxide or an oxide mainly containing copper element for the
purpose of preventing the binder from being insufficiently burnt out; reducing only the conductive layer at a
low temperature to metallize it after burning out the binder in air; and firing it in an inert gas atmosphere. In
the conventional ceramic substrate for electronic circuit in which the copper oxide is generated on the
conductive layer in the course of the firing, the copper element is partially diffused into the ceramic layer or
the insulated layer, and defects are caused due to the difference in the firing state between the portion in
which the copper element is diffused and the portion in which the copper element is not diffused. Thus, the
present invention eliminates the defects caused in the conventional ceramic substrate for electronic circuit.
Moreover, the present invention is effective in providing a highly reliable ceramic substrate for electronic
circuit.

It is understood that various other modifications will be apparent to and can be readily made by those
skilled in the art without departing from the scope and spirit of this invention. Accordingly, it is not intended
that the scope of the claims appended hereto be limited to the description as set forth herein, but rather that
the claims be construed as encompassing all the features of patentable novelty that reside in the present
invention, including all features that would be treated as equivalents thereof by those skilled in the art to
which this invention pertains.

Claims

1. A ceramic substrate for electronic circuit comprising a ceramic layer and a conductive layer which is
patterned on the ceramic layer, wherein the conductive layer comprises copper or an alloy containing
copper as its main component, and wherein the ceramic layer entirely comprises a complex oxide or
an oxide solid solution containing copper element and at least one component excluding copper
element, and the ceramic layer is insulated.

12



10

15

20

25

30

35

40

45

50

55

EP 0 492 518 A1

A ceramic substrate for electronic circuit according to claim 1, wherein the ceramic layer comprises an
oxide selected from the group consisting of a complex oxide, an oxide solid solution, and an oxide
complex, the oxide complex containing at least one oxide selected from the group consisting of the
complex oxide and the oxide solid solution as its component, wherein each of the complex oxide, the
oxide solid solution, contains copper element, at least one element selected from the group A
consisting of strontium, barium, calcium, and lead, and at least one element selected from the group B
consisting of tungsten, niobium, and tantalum.

A ceramic substrate for electronic circuit according to claim 1, wherein the content of a copper oxide
component in the ceramic layer is in the range of 0.3% to 5% by weight in terms of CuO.

A ceramic substrate for electronic circuit comprising a ceramic substrate, a conductive layer which is
patterned on the ceramic substrate and comprises copper or an alloy containing copper as its main
component, at least one insulated layer formed so as to cover a portion of the conductive layer, and
another conductive layer which is patterned at least on the insulated layer and comprises copper or an
alloy containing copper as its main component, wherein the insulated layer entirely comprises a
complex oxide or an oxide solid solution containing copper element and at least one component
excluding copper element.

A ceramic substrate for electronic circuit according to claim 4, wherein the insulated layer comprises an
oxide selected from the group consisting of a complex oxide, an oxide solid solution, and an oxide
complex, the oxide complex containing at least one oxide selected from the group consisting of the
complex oxide and the oxide solid solution as its component, wherein each of the complex oxide, the
oxide solid solution, and the oxide complex contains copper element, at least one element selected
from the group A consisting of strontium, barium, calcium, and lead, and at least one element selected
from the group B consisting of tungsten, niobium, and tantalum.

A ceramic substrate for electronic circuit according to claim 4, wherein the content of a copper oxide
component in the insulated layer is in the range of 0.3% to 5% by weight in terms of CuO.

A ceramic substrate for electronic circuit according fo claim 4, wherein the ceramic substrate comprises
a complex oxide or an oxide solid solution containing copper element and at least one component
excluding copper element.
A method for producing a ceramic substrate for electronic circuit comprising the steps of:

preparing a complex oxide or an oxide solid solution containing copper element and at least one
component excluding copper element by reacting a copper element oxide with at least one component

excluding copper element;

forming ceramic green sheets comprising the complex oxide or the oxide solid solution and a
binder;

patterning a conductive layer comprising a binder and a copper oxide or an oxide mainly
containing copper element on the ceramic green sheets;

laminating a plurality of the ceramic green sheets to form a laminated body;

heating the laminated body in air so as to burn out the binder comprised in the ceramic green
sheets and the conductive layer;

heating the laminated body in which the binder has been burnt out, in a reducing gas to reduce
and metallize the conductive layer; and

firing the laminated body, in which the conductive layer has been metallized, in an inert gas
atmosphere to sinter the ceramic green sheets and the conductive layer.

A method for producing a ceramic substrate for electronic circuit comprising the steps of:
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preparing a complex oxide or an oxide solid solution containing copper element and at least one
component excluding copper element by reacting a copper oxide with at least one component
excluding copper element;

patterning a conductive layer comprising a binder and a copper oxide or an oxide mainly
containing copper element on a sintered ceramic substrate;

forming at least one insulated layer on the sintered ceramic substrate having the conductive layer
so as to cover a portion of the conductive layer, the insulated layer comprising a binder, and the

complex oxide or the oxide solid solution.

patterning another conductive layer comprising a binder and a copper oxide or an oxide mainly
containing copper element at least on the insulated layer;

heating the sintered ceramic substrate having the conductive layers and the insulated layer in air
so as to burn out the binder comprised in the conductive layers and the insulated layer;

heating the sintered ceramic substrate in which the binder has been burnt out, in a reducing gas fo
reduce and metallize the conductive layers; and

firing the sintered ceramic substrate, in which the conductive layers has been metallized, in an inert
gas atmosphere to sinter the conductive layers and the insulated layer.
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